Buckwheat (Fagopyrum esculentum Moench) is an important crop in some areas of the world. Buckwheat seed contains some essential nutrients such as protein (1) and minerals (2) at high levels. Thus, buckwheat contributes as an important dietary source of such essential nutrients. Especially, the protein of buckwheat consists of well-balanced amino acids (3) with high biological value (4), whereas its protein digestibility is relatively low (5) because of both the presence of some antinutrients such as protease inhibitors and the low digestibility of the * To whom correspondence should be addressed .
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protein (1, 6) . Thus, the improvement of protein digestibility is a subject of intense investigation. The components in buckwheat seed have not yet been well charac terized from the standpoint of both nutrition and functionality. Careful character ization of the components is needed to better understand their nutritional and functional properties. For this purpose, we recently conducted a near-infrared diffuse reflectance spectroscopic analysis of the components in buckwheat flours (7) . There are a variety of buckwheat dishes around the world (8) . Noodles made from buckwheat flour-water dough are popular in some countries such as Japan, China and Italy (9) . In view of their processing and cooking, considerable attention has been paid to the palatability and acceptability of buckwheat products such as noodles. The texture of food is an important quality attribute which affects consumer acceptance of and preference for foods (10) . Although the textural characteristics of buckwheat products are considered to depend largely on the inherent characteristics of the components present, endogenous factors responsible for the textural characteristics of buckwheat products remain largely uncertain.
This study was designed to clarify endogenous factors responsible for the textural characteristics of buckwheat products. significantly negative correlation to the springiness and chewiness of the heated doughs made from buckwheat flours with a correlation coefficient of -0.599 (p< 0.001) for springiness and a correlation coefficient of -0.489 (p<0.01) for chewiness ((D) and (E) in Fig. 4 ). There was no other statistically significant correlation between the texture profiles and the components (p>0.05). In addi tion, as amylopectin and amylose were expressed as percent of total starch content respectively, there was no significant correlation (p>0.05) between percent amylo pectin to total starch and the texture profiles, and also no significant correlation (p>0.05) between percent amylose to total starch and the texture profiles. On the other hand, both the total starch content and the total protein content of the buckwheat flours exhibited significant multiple correlations to the springiness and chewiness of heated dough with a multiple correlation coefficient of R=0 .599 (p< 0.01) for springiness and R=0.506 (p<0.05) for chewiness. Similarly , both the total protein content and the amylose content exhibited significant multiple corre lations to the springiness and chewiness of heated dough with a multiple correlation coefficient of R=0.634 (p<0.01) for springiness and R=0 .513 (p<0.05) for chewiness. Thus, protein and starch, including both amylopectin and amylose , may be important endogenous factors responsible for the textural characteristics of buckwheat products. On the other hand, we analyzed the textures of a variety of buckwheat seed samples from different production places and from varying produc tion years in this study. In this connection, post-harvest storage and the prepara tion of cereal grains, in general, may have a profound influence on quality characteristics. There may be few changes in protein and starch during storage or preparation of buckwheat seeds, but changes in some enzymes or lipid components in buckwheat itself during storage or preparation, if any, might affect the textural characteristics of the buckwheat products. Further investigation concerning these problems is needed. Direct effects of buckwheat protein and starch on texture Figure 5 shows the effect on texture from the incorporation of albumin and globulin, major components of buckwheat protein, into buckwheat flour. The incorporation of buckwheat albumin into the flour significantly reduced (p<0.01) some texture values such as cohesiveness, springiness and chewiness, whereas it enhanced adhesiveness significantly (p<0.01) ((I) in Fig. 5 ). Buckwheat albumin had no significant effect on hardness ((I) in Fig. 5 ). On the other hand , the incorporation of buckwheat globulin into the flour significantly reduced (p<0 .01) all texture values except for adhesiveness ((II) in Fig. 5 ). Figure 6 shows the effect on texture from the incorporation of various starches, including buckwheat starch, into buckwheat flour. The incorporation of buckwheat starch enhanced all texture values except for adhesiveness ((C) in Fig. 6 ). There were variations in the effects on the texture of buckwheat dough among the various starches examined (Fig . 6) . The observed variations in the effects on texture caused by the various starches (Fig. 6 ) may be associated with the properties inherent of each starch such as water absorption capacity and swelling properties, but further analysis concerning this phenomenon is needed. Generally, both of the buckwheat proteins (globulin and albumin) reduced the texture values of heated buckwheat dough (Fig. 5) , including springiness and chewiness, whereas buckwheat starch enhanced the texture values of the dough, including springiness (Fig. 6) . Therefore, the findings in Figs. 5 and 6 support the relationship of the texture of heated buckwheat dough to the components as shown in Fig. 4 . But, all of the alterations observed in texture by the incorporation of buckwheat protein and starch into buckwheat dough (Figs . 5 and 6) did not completely agree with the correlation relationship shown in Fig. 4 . This 
